Materials and methods
The Malaga University Clinical Hospital is a 650-bed centre opened in 1989. During the study period, the hospital had no Paediatric or Cardiac Surgery services and the Haematology Service had no beds. The number of patients admitted during the one year study was 18 175.
Microbiology
The Microbiology Laboratory examined 2676 blood cultures between June 1994 and May 1995. Blood samples were processed in a BACTEC 9240 System (Becton-Dickinson Diagnostic Instrument Systems, Sparks, Md., USA). The identification and antibiotic susceptibilities of micro-organisms isolated was usually determined by the MicroScan system (Baxter Diagnostics Inc.), but sometimes by predetermined manual protocols.
Methods
Only clinically significant bacteraemias were prospectively studied. The criterion for selection of a case was that known bacterial pathogens e.g. Enterobacteriaceae, Pseudomonas spp, Staphylococcus aureus, Streptococcus pyogenes, Streptococcus pneumoniae, were isolated from one or more blood culture bottles. Other lessvirulent bacteria e.g. Staphylococcus epidermidis, Streptococcus viridans, Corynebacterium spp, Bacillus spp, Propionibacterium acnes, were judged to be contaminants unless the clinical findings, the results of cultures of material from other body sites, or the number of positive sets (two or more), indicated a high probability of true bloodstream infection.
When the bacteraemic patients had been identified, further information was requested from the medical and nursing staff of the departments where the patient was being, or had been, treated. When necessary, additional information was obtained from the Clinical Records Office. The questionnaires used requested standardized information about a number of clinical, microbiological and epidemiological variables.
General definitions
An episode of blood-stream infection was defined by the isolation of one or more microorganisms from blood culture together with clinical evidence of systemic infection. A new episode was recorded for the same patient if the initial pathogen had previously been eradicated from the blood-stream or if an interval of at least one month had elapsed without signs of infection since an earlier episode. We defined hospital-acquired infections as follows: any bacteraemias that began 72 h or later following a patient's admission to hospital, any which occurred after invasive procedures, or in patients who had been either re-admitted to the hospital or transferred from other institutions. For this analysis we divided the hospital into three areas: Medical, Surgical and Intensive Care (ICU) departments. Primary diagnosis was that which best indicated the pathological condition of the patient when sepsis was diagnosed. Source of infection was defined by the finding of bacteraemia-producing microorganisms in cultures of tissues taken from the suspected organ, or, when the patient presented with characteristic diagnostic signs and symptoms. Fever was defined as a body temperature of 38·0°C or more. Complicated bacteraemias presented one or more of the following clinical pictures: shock, renal failure, adult respiratory distress syndrome, disseminated intravascular coagulation or multi-organ failure. [7] [8] [9] Antibiotic therapy was considered appropriate when it included at least one therapeutic agent to which the causal micro-organism was susceptible in vitro and when the dosage, route of administration and duration of treatment conformed to current medical practice.
Intrinsic risk factors
Severity of the underlying medical condition was graded according to modified McCabe and Jackson criteria. 10 Diabetes, cardiopathy, cirrhosis, chronic renal insufficiency, chronic respiratory disease, hypertension and malignancy were recorded as underlying diseases. An immunocompromized state was defined as a primary or acquired immune-system defect caused by diseases or therapy.
Extrinsic risk factors
Previous antibiotic therapy was defined as the administration of therapeutic doses of antibiotics during the week prior to the finding of a positive blood culture. Surgery was considered to be present if it took place within two weeks prior to the bacteraemic episode. Invasive procedures, use of intravascular catheters or other indwelling devices and administration of total parenteral nutrition, were viewed as risk factors if they took place within seven days prior to the finding the first positive blood culture.
Outcome
The overall bacteraemic mortality was the percentage of patients who died in hospital. Mortality was categorized as directly related to bacteraemia when the patient died within seven days of the last positive blood culture and when there was no other obvious explanation for the death.
Statistical analysis
The data were analyzed with the help of two data-processing programs: EPIDEMO 11 and the SPSS/PC for Windows package. For the univariate analysis we used the Student's t test to analyse quantitative variables and the χ 2 test to analyse qualitative variables (significance level P < 0·05). Relative risk associations (RR) were calculated to a 95% confidence level. Multivariate analysis used a logistic regression model to select the variables which conformed to the stepwise method based on the Z of Wald (P < 0·05).
Results
The overall incidence of blood-stream infection during the study period was 19·5 cases/1000 admissions. One hundred and sixty (45·8%) were nosocomial and 189 (54·2%) communityacquired, with an incidence of 8·8 cases/1000 admissions and 10·4 cases/1000 admissions respectively. Table I shows the influences of a series of variables on the development of both types of bacteraemia. Patients age influenced the appearance of nosocominal bacteraemia (P = 0·01) and surgical services and ICU showed the highest percentage (P < 0·001). The diseases most associated with nosocomial bacteraemia were malignancy (65%) and digestive and biliary conditions (60·7%). Most frequently, foci of infection were unknown (57·1%) followed by and intravascular catheterization (100%) (P < 0·001). Patients in the nosocomial group were not treated as appropriately as those in the community group (P < 0·05). Among the intrinsic risk factors analysed, only the presence of malignancy was significantly associated with nosocomial acquisition (P = 0·002), whilst all the extrinsic risk factors were significantly associated (P < 0·001). Coagulase negative staphylococci were the most common microorganisms found (P < 0·001) (Table II) .
Univariate analysis

Outcome
Mortality from nosocomial bacteraemia (26%) was higher than in patients with community acquired disease (20%), although the differences were not significant.
Multivariate analysis
Six variables were significant as causes of nosocomial bacteraemia (P < 0·05) independent of the influence of possibly confounding concurrent variables (Table III) . Thus, the main risk factors (in order of highest relative strength) were presence of intravascular catheters, invasive procedures, malignancy, the presence of indwelling devices, stay in ICU or surgical ward and length of hospital stay. HAB: hospital-acquired bacteraemia; CAB: community-acquired bacteraemia. a, The total number of patients in some categories is <355 because no data were available for certain patients.
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Discussion
The incidence of nosocomial bacteraemia (8·8/1000 admissions) and the percentage (45·8%) when compared to community acquisition are very similar to figures reported by other centres. 2, 4, 7, 12, 13 The practical value of clinico-epidemiological studies is that they can reveal the relative importance of a number of factors that may cause, contribute to, or modify, a disease. This present work studied a number of clinico-epidemiological variables and the following proved to be significantly associated with the development of nosocomial bacteraemias in the hospital population studied.
Patient age
The percentage of patients with nosocomial bacteraemia peaked at 60 years (P < 0·05); older patients showed a higher percentage of community acquired bacteraemia. Few published reports mention this age-related influence. 14 Weinstein et al. 5 did report this difference, but in his series it was only in patients older than 60 years, that nosocomial bacteraemia predominated.
Hospital service
Surgical departments showed the highest percentage (85·4%) and ICU were in second place with 71% (P < 0·001). These results are not surprising and they are similar to those reported by other authors. 7, 14 This distribution may be the result of an interplay of several factors: prolonged length of stay in Intensive Care and Surgical Units, the more severe illnesses of patients in these units and the fact that these patients are usually subjected to invasive or other aggressive procedures.
Primary diagnosis
The illnesses most significantly associated with nosocomial bacteraemia in this series were malignancy (65%) and digestive/biliary diseases (60.7%) (P < 0·001). As mentioned by other authors 15, 16 cancer patients need long stays in hospital, immunosuppressive treatments, and aggressive therapeutic procedures. In patients with digestive or biliary problems, nosocomial bacteraemia usually occurred as a postoperative complication.
Aetiology
Better knowledge of the aetiological agents of nosocomial bacteraemia will guide us towards more effective prophylactic measures or empirically correct treatments. Over the last decade, coagulase-negative staphyloocci have been recognized as true pathogens and not just contaminants. They have now become the principal causal agents of nosocomial infections. 2, 17, 18 In our series, 76·7% of the bacteraemias caused by these organisms were nosocomial (P < 0·001) and also they produced the largest percentage of nosocomial infections (20·6%). S. aureus was predominently a community-acquired (68·3%) organism. The overall incidence of methicillin-resistant S. aureus was 9·5%, all of which were nosocomial. Other causal agents implicated in nosocomial sepsis in our series were: P. aeruginosa (70·6%), anaerobes (70%), yeasts (68%) and Enterococci (66·7%). These results are similar to those reported recently 2, 7, 12, [19] [20] [21] [22] [23] for other centres.
Source of infection
The foci most commonly associated were the unknown group (57·1%) (P < 0·001) and the prescence of an intravascular catheter (100%) (P < 0·001). Leibovici et al. 9 in a review of bacteraemias, whose origins were unknown, found that 66% of the infections were hospitalacquired (P < 0·001).
Antibiotic therapy
The frequency of inappropriate treatment in nosocomial bacteraemia was higher (10·6%), than in the community group (5·7%) (P < 0·05). We presume that incorrect therapy was given when the results of susceptibility tests were not noted or when, as with fungi, the physicians misinterpreted the significance of these isolates in the blood. Moreover, the major nosocomial pathogens are either naturally resistant to clinically useful antimicrobial agents or possess the ability to acquire resistance. 18 In our series Acinetobacter spp was the most difficult nosocomial pathogen showing acceptable susceptibility only to imipenem (75%).
Intrinsic risk factors
Malignancy was significantly associated with the development of nosocomial bacteraemia and this association has been reported by other authors. 24 Interestingly, we found that the immunocompromized state, which is usually associated with the development of nosocomial bacteraemia, in our series was associated more with community-acquired disease. This was probably due to the fact that most of these patients had AIDS and had acquired infection outside the hospital.
Extrinsic risk factors
The pathological character of the factors associated with hospital stay was clearly demonstrated (P < 0·001).
Multivariate analysis
Logistic regression helped us to determine that the factors which mostly influenced the appearance of nosocomial bacteraemias were those modifiable factors associated with treatment received by the patients during their stay in hospital: intravascular catheters and other indwelling devices, treatment or examination by invasive procedures and stay in either ICU or surgical wards. The only non-modifiable factor that influenced the development of bacteremias in our series was underlying malignant conditions. Consequently, we found that while bacteraemias are clearly nosocomial infections of the severist kind, many are avoidable if suitable precautions are taken when treating patients who must undergo instrumental diagnosis or treatment. These results demonstrate the need for more active surveillance and detailed studies to develop new and effective preventive routines to reduce those nosocomial bacteraemic infections associated with certain procedures and hospital practices.
